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ABSTRACT 
The increased incidence of necrotizing enterocoli-
tis among newborn infants has prompted research to discover 
tools for early diagnosis of the disease. Previous studies 
have shown that elevated levels of fecal reducing sugars 
precede the symptoms of the disease. This study attempted 
to establish the relationship between the type of milk 
feeding and the levels of reducing sugars in stools of pre-
mature newborn infants. 
Thirty-four premature newborn infants were fed 
either a commercially prepared 20-calorie formula (Enfamil 
or Similac) or breast milk. Fecal reducing substances were 
measured with Clinitest tablets. The values were compared 
using Chi-square and Pearson Product Moment Correlation 
Coefficient. Reducing sugars of 1% (3+) or greater 
appeared more frequently in the stools of the breast-fed 
infants. There appeared to be a relationship between the 
type of milk feeding and the level of fecal reducing sub-
stances. A cause-effect relationship between the type of 
milk feeding and the level of fecal reducing substances 
was not established. 
CHAPTER I 
INTRODUCTION 
The amount of lactose in milk fed to infants 
varies from 6.6% in commercially prepared formulas to 
7.3% in breast milk (Foman, 1967). Lactose which is not 
hydrolyzed to its monomeric constituent forms, i.e., glu-
cose and galactose, and absorbed into the epithelial cells 
of the small intestine, appears in the stool, and can be 
measured as a reduced sugar. Normal values of reducing 
sugars -in the stools of premature infants are unknown. In 
the newborn period, there are several disorders of carbo-
hydrate metabolism (e.g., lactose malabsorption syndromes), 
which are caused by some defect in the digestive process. 
Perhaps the appearance of elevated levels of reducing 
sugars in the stools of premature infants suggests the 
presence of intestinal disease. 
The purpose of this study is to compare the values 
of reducing substances in the stools of premature infants 
who weigh 1200-2500 grams, and are fed either breast milk 
or a commercially prepared 20-calorie formula. 
RevietN' of Related Li terature 
Development of the intestine begins at four weeks 
gestation in the embryo (Arey, 1966). Initially a single; 
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undifferentiated tube composed of entoderm and splanchnic 
mesodermal tissue, the gut lengthens and begins to rotate 
at 6 weeks. At 7 weeks villi begin to form along the gut 
wall. The villus is the functional unit of the intestine, 
containing, in its periphery, enzymes of carbohydrate 
metabolism which catalyze the hydrolysis of disaccharides to 
their monomeric components (Herbst, 1969; Harper, 1973). 
These monosaccharides can then be absorbed via either 
active transport or facilitated diffusion into the portal 
circulation (Guyton, 1971). Some intestinal enzyme systems 
begin to appear in the villi at 8-10 weeks. Development 
continues rapidly, and by seven months gestation the gut 
has developed sufficiently the capacity for digestion and 
absorption (Jarrett, 1966; Platt, 1961). 
There are several disorders of carbohydrate metabo-
lism seen in the newborn period which are caused by some 
defect in the digestive process. Herbst (1969) states that 
these diseases may be developmental (e.g., lactose malab-
sorption due to a lack of intestinal lactase) or acquired 
(e.g., disaccharide malabsorption syndromes caused by 
infection, regional enteritis, malnutrition, or after 
surgical resection of the small bowel). One of these 
acquired disorders, seen in premature infants is necrotiz-
ing enterocolitis (Cornblath, 1966; Dickens, 1968; Burke, 
1966). 
Necrotizing enterocolitis (NEC) was first 
described by Genersich in 1891. It occurs primarily in 
3 
premature infants weighing less than 1600 grams from the 
first to the twelfth day of life. It is characterized by 
vomiting, temperature instability, guaiac-positive stools, 
and abdominal distention (Kempe, 1972). Ulceration and 
necrosis of the bowel wall occur primarily in the ileum, 
jejunum, cecum, and ascending colon (Stevenson, 1969). 
Perforation of the intestinal wall with resultant peritoni-
tis and death is not uncommon (Denes, 1970; Cohn 1972). 
Frequently, X rays reveal pneumatosis intestinalis in the 
bowel tissue (Berdon, 1964; Stevenson, 1971; Stone, 1970). 
The frequency of the disease is not known, but Hopkins 
(1970) and Shafer (1971) reported that 3% of prematures at 
autopsy~ had bowel changes consistent with the disease. 
The etiology of NEC is unknown. However, several 
theories have been proposed. Lloyd (1969) reported that 
87% of the babies with NEC in his study had had asphyxial 
insults either during labor, delivery, or in the neonatal 
period. He proposed that since in times of stress the 
body shunts blood away from peripheral tissues to the 
vital organs, the action of this mechanism (called the 
"Diving Reflex" in animals) might result in lack of oxygen 
to the intestinal villi with reSUltant necrosis. In 1970 
Hopkins reported a group of prematures with NEC who all had 
low Apgar scores at birth, indicating asphyxia during 
labor and/or delivery. Mizrahi (1965) and Bullen (1971) 
studied a group of 18 infants with NEC who were fed cow's 
milk. Since cow's milk is low in the bacteriolytic 
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substance, lysozyme, and Mizrahi's infants had both a high 
incidence of Escher~ch~a coli in the bowel and Escherichia 
coli sepsis, he concluded that the low level of lysozyme 
during the newborn period combined with the production of 
bacterial endotoxins might be a cause of NEC. Blanc (1959) 
observed a group of prernatures with NEC whose mothers had 
amnionitis during pregnancy. He proposed that the inges-
tionof infected amniotic fluid might lead to bowel infec-
tion and necrosis. Santulli (1974) suggested that three 
factors must be present for the development of NEC: 
(1) bacteria in the gastrointestinal tract, (2) injury to 
the intestinal mucosa caused by mesenteric ischemia from 
cold stress, trauma, and/or apnea, and (3) inadequate 
antibody response to the invading organisms~ He observed 
two groups of rats.: One group was fed breast milk; the 
other group was fed a special rat formula. Hypoxic epi-
sodes were induced, and Klebsiella organisms were admini-
stered orally. All the formula-fed rats developed NEC and 
died, while all the breast-fed rats survived. Santulli 
concluded that the breast milk, which contained IgA and 
IgC antibodies, provided passive immunity, preventing 
invasion of the Klebsiella organisms into the wall of the 
gastrointestinal tract. 
Until recently there was no definitive test for the 
presence of developing NEC, other than the observation of 
clinical symptoms and the presence of pneumatosis 
intestinalis on X ray. Recently, Book (1974) reported 
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a study of 50 premature infants weighing less than 1500 
grams, of which 14 developed NEC. Fecal reducing substances 
were measured by the Clinitest method (Ames Company, Divi-
sion of Miles Laboratories), using the technique described 
by Kerry and Anderson (1964). Fourteen babies with fecal 
reducing substances of greater than 2+, (0.75% sugar) later 
developed the clinical symptoms of NEC. Of the remaining 
36 babies, only 6 had reducing substances of greater than 
2+. 
Prior studies of stools from normal term infants 
have shown that the amount of reducing substances is higher 
in the stools of breast-fed babies than in babies fed com-
mercially prepared formulas (Ford, 1963; Grybowski, 1964). 
Apparently this is due to the greater quantity of lactose 
in breast milk (7.3%). The amount of lactose in most com-
mercially prepared formulas is 6.6-7.0% (Foman, 1967; Wu, 
1967). Some commercially prepared formulas contain approxi-
mately the same amounts of lactose as breast milk, and 
babies fed these formulas have an increased level of fecal 
reducing substances (Davidson, 1970). Book (1974) reported 
that of 95 normal term infants, 34% of those fed breast 
milk had fecal reducing substances of greater than 2+, 
while only 4.4% of those fed a commercially prepared formu-




The research questions proposed in this study are: 
1. Do reducing substance values of 1% (3+) or 
greater appear more frequently in the stools of premature 
infants who are fed breast milk than in the stools of pre-
mature infants who are fed commercially prepared 20-
calorie formulas [either Enfami1 (Mead Johnson Laboratories) 
or Simi1ac (Ross Laboratories)}? 
2. Is there a significant relationship between the 
type of milk feeding and the presence of fecal reducing 
substance values of 1% (3+) or greater at day 3 and at day 
5 after oral feedings have been initiated? 
3. Is the degree of the relationship between the 
type of milk feeding and the presence of fecal reducing 
substances significant, either at day 3 or at day 5 after 
oral feedings have begun? 
CHAPTER II 
METHOD 
The subjects of this study were premature newborn 
infan~s, whose mothers had already chosen to feed them 
either breast milk or a commercially prepared 20-calorie 
formula (either Enfamil or Similac). Subjects came from 
the nurseries of the University of Utah Medical Center and 
the Premature Nursery of the Latter-day Saints Hospital in 
Salt Lake City, Utah. 
Permission for participation in the study was 
obtained from 34 mothers. Of the 34 premature newborns in 
the study, 30 were Caucasian and 4 were of Spanish-American 
descent. The investigator visited the participating nur-
series daily during a four-month period. Charts of all 
newly admitted infants were reviewed. Selection for par-
ticipa"tion in the study was determined on the basis of the 
following criteria: 
1. The birth weight of each infant was between 
1200 and 2500 grams. The birth weight was obtained from 
the infant's hospital chart. 
2. 'llhe gestational age of each infant was less than. 
38 weeks, as determined by the investigator using the 
Dubowitz scale of gestational age (Dubowitz, 1970). Each 
infant was also judged to be of appropriate weight for 
gestational age, as determined by the investigator using 
the Battaglia and Lubchenco clinical assessment guide 
(Battaglia and Lubchenco, 1967). 
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3. The Apgar score of each infant was at least 7 at 
five minutes after birth, as determined by the nurses in the 
delivery room areas and recorded on the hospital chart 
(Apgar, 1966). A baby with an Apgar score of less than 7 
at five minutes was excluded from the study since a low 
score could indicate the presence of mesenteric ischemia. 
4. The absence of gross symptoms of intestinal 
disease was determined by the observations of the investiga-
tor, the infant's physician, and the nursery nurses. Symp-
toms, which were noted on the infant's chart, included 
increased residual, vomiting, diarrhea, guaiac-positive 
stools, and abdominal distention. The chart of each infant 
who participated in the study was read daily by the 
investigator. An infant who developed the above symptoms 
at any time during hospitalization was excluded from the 
study. 
5. The presence of other diseases, e.g., respira-
tory distress syndrome, requiring treatment with oxygen 
concentrations of greater than 40%, and/or the presence 
of pH values of lower than 7.20 were cause for exclusion 
of an infant from the study. The investigator obtained 
this information from the infant's hospital chart. 
6. The absence of serious maternal disease (e.g., 
diabetes, toxemia, infection from any organism) was ascer-
tained from the physician's history of maternal disease on 
the baby's hospital chart. 
7. A baby who met the above criteria was selected 
for the study if he was being fed either breast milk or a 
commercially prepared formula. Appendix A lists the types 
of formulas used in the study and their components. This 
information was determined from the baby's chart. Of the 
breast-fed babies, two who received supplemental commer-
cial formula feedings were excluded from the study. 
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Fresh stool specimens were collected from each sub-
ject on the third and fifth days after milk feedings were 
initiated. The investigator had planned to collect stools 
on the seventh day, but a majority of the participants in 
the study were discharged from the hospital before that 
time. Each stool was scraped from the diaper, placed in a 
numbered plastic bottle, and placed in the freezer compart-
ment o,f the nursery refrigerators. A data card with the 
corresponding number was completed and attached to the 
bottle (Appendix B). 
Analysis of the stools for reducing substances was 
perfor~ed by the investigator in the laboratory of the 
Department of Pediatrics, University of Utah Medical 
Center. The stools were analyzed for reducing substances 
using the Clinitest method described by Kerry and 
Anderson (1964), Appendix C. Results were interpreted as 
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0, trace, 1+, 2+, 3+, and 4+ for reducing substances 
(equivalent in reducing power to 0, 1/4, 1/2, 3/4, 1, and 
2% sugar respectively). 
Reliability of the C1initest tablets was determined 
by testing one stool for reducing substances with five 
Clinitest tablets from each of three bottles of C1initest 
tablets. The values for the tested C1initest tablets in 
all bottles were similar. 
CHAPTER III 
RESULTS AND DISCUSSION 
The Latter-day Saints Hospital premature nursery was 
chosen as a site for data collection because the investi-
gator anticipated a greater number of premature infants 
might be born there: the L.D.S. Hospital has the most 
active obstetrical unit in the State of Utah (Vital 
Statistics, State Department of Health, 1973). The Newborn 
Intensive Care Center at the University of Utah Medical 
Center was selected as a site to obtain subjects since the 
majority of babies admitted to the Unit are prematures with 
varying degrees of pathology. 
Analysis of the data was performed at the Computer 
Center of the University of Utah. Using the Univac 1108 
computer and the SPSS program, the following statistical 
operations were performed: (1) Codebook, (2) Chi-square, 
and (3) Pearson Product Moment Correlation Coefficient. 
Descriptive Statistics 
Twenty-three variables were defined. Of the 34 
infants in the study, 10 received Enfamil (Mead) feeding, 
and 17 received Similac (Ross) feeding. The other 7 
infants were fed breast milk. Two other breast-fed 
infants received supplements of a commercially prepared 
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formula and were excluded from the study. Twenty-two of 
the subjects were female, and 12 subjects were male. The 
mean birth weight was 2270 grams (minimum weight=1480 
grams; maximum weight:2500 grams). The mean gestational 
age was 35.5 weeks (minimum gestational age=3l weeks; maxi-
mum gestational age=37 weeks). All of the infants were 
judged to be of appropriate weight for their gestational 
ages by the investigator. There was an equal distribution 
of breast and formula fed babies with regard to weight and 
gestational age, within the group as a whole. The mean 
Apgar score at 5 minutes was 8.4. The mean age at which 
milk feedings were started was 1.85 days. None of the 
infants had a history of gastrointestinal disease. Eleven 
of the infants had a mild form of respiratory distress 
syndrome requiring oxygen concentrations of less than 40%. 
Of those infants administered oxygen, pH values ranged 
from 7.22 to 7.38. 
The criteria for selection for ~articipation in the 
study were narrowly defined because the investigator did 
not wish to contaminate the study by selecting prematures 
who might have experienced insults (e.g., asphyxia, infec-
tion) thought to be possible causes of NEe. The greatest 
difficulty during the data collection phase occurred as a 
result of a need for narrowly defined criteria. It 
resulted in a smaller number of participants than ori-
ginally planned. The small number of breast-fed babies in 
the study (7) did not allow conclusions to be drawn 
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regarding values of fecal reducing substances in the breast-
fed population as a whole. Several (8) of the mothers who 
had previously chosen to breast-feed their infants decided 
instead to bottle-feed after giving birth to premature 
babies. The usual reason given for this decision was that 
the mo·thers, physicians, and nurses thought the prematures 
would gain weight faster and, hence, be discharged from the 
hospital sooner if fed by bottle rather than by breast. 
Stools, collected at 3 and at 5 days after milk 
feedings had begun, were tested for the presence of reduc-
ing sugars using the Clinitest method. At 3 days, none of 
TABLE 1 
Reducing Substance Values 
of 1% (3+) or greater on Day 3 
Formula 
Breast 








the breast-fed subjects had Clinitest values of 1% (3+) or 
greater, and none of the formula-fed subjects had Clinitest 
values of 1% (3+) or greater. At 5 days, 28.6% of the 
breast-fed subjects had Clinitest values of 1% (3+) or 
greater, and 3.7% of the formula-fed babies had C1initest 
values of 1% (3+) or greater (Table 1). 
Chi-square 
A Chi-square statistical test was performed to 
determine, by means of a ratio, the relative size of the 
discrepancy between the expected frequency of Clinitest 
values at 3 and 5 days and the observed frequency. The 
subjects were divided into four groups: (1) breast-fed 
infants whose Clinitest values were below the median; 
(2) breast-fed infants whose Clinitest values were above 
the median; (3) formula-fed infants whose C1initest values 
~ere below the median; and (4) formula-fed infants whose 
C1initest values were above the median. 
Table 2 shows the cross-tabulation of Clinitest 
measures of reducing substances on day 3. The median 
value was .175 (less than 1/4% sugar). 
TABLE 2 
Cross tabulation: Clinitest Measurement of 
Reducing Substances by Type of 
Milk Feeding (Day 3) 
Breast Formula 
Clinitest values 
less than 1/4% sugar 2 subjects 13 subjects 
Median 
1/4% sugar thru 2% sugar 5 subjects 14 subjects 
Corrected Chi-square = .25248 (significance = .6153) 
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At 3 days, 2 breast-fed babies had reducing substance 
values below the median, and 5 had reducing substance values 
above the median. Thirteen formula-fed babies had reducing 
substance values below the median, and 14 had reducing sub-
stance values above the median. The corrected Chi-square 
value was 0.252 (significance = 0.615). 
Table 3 shows the cross tabulation of Clinitest mea-
sures of reducing substances on day 5. The median value was 
.250 (less than 1/2% sugar). 
TABLE 3 
Cross Tabulation: Clinitest Measurement of 
Reducing Substances by Type of 
Milk Feeding (Day 5) 
Breast Formula 
Clinitest Values 
less than 1/2% sugar 1 subject 22 subjects 
Median 
1/2% sugar thru 2% sugar 6 subjects 5 subjects 
Corrected Chi-square = 8.60363 (significance = .0034) 
At 5 days, 1 breast-fed baby had reducing ·substance 
values below the median, and 6 had reducing substance 
values above the median. Twenty-two formula-fed babies 
had reducing substance values below the median, and 5 had 
reducing substance values above the median. The corrected 
Chi-square value was 8.604 (significance = 0.0034). 
. . 
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It was expected that the breast-fed babies would have 
higher levels of reducing substances in their stools, since 
breast milk contains more lactose (7.3%) than do commer-
cially prepared formulas (6.6-7.0%). The Chi-square values 
supported this contention at 5 days but not at 3 days. 
Although the sample size was too small to make 
accurate generalizations, the Chi-square value at day 5 
(significance = .0034) would suggest the necessity of mea-
suring reducing substances in the stools of premature 
infants during the first days of life. Moreover, high 
levels of reducing substances measured in the stools of 
formula-fed infants may warrent further investigation for 
the presence of developing NEC. 
Correlations 
The Pearson Product Moment Correlation Coefficient 
statistical test was performed to determine the degree of 
relationship between the type of milk feeding and the 
reducing substance values in the stools. At day 3, the 
Pearson Product Moment Correlation Coefficient value was 
0.08i8 (significance = .33l). At day 5, the Pearson 
Product Moment Correlation Coefficient value was -.2683 
(significance = .062). 
Comparing these results with the Chi-square 
analysis suggests that while a relationship between the 
type of milk feeding and the amount of reducing substances 
in the stools is statistically significant at day 5, in 
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this study, the degree of the relationship, as reflected by 
the Pearson Product Moment Correlation Coefficient, is not 
significant. In part, this may be due to the small number 
of subjects in the study. Statistical significance, when 
using the Pearson Product Moment Correlation Coefficient, 
is more easily achieved with a large sample. 
CHAPTER IV 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The purpose of this study was to compare the values 
of reducing substances in the stools of premature infants 
weighing 1200-2500 grams, and fed either: (1) breast milk 
or (2) a commercially prepared 20-calorie formula. 
Conclusions 
a. Reducing substance values of 1% (3+) or greater 
appear more frequently in the stools of premature infants 
fed breast milk than in the stools of premature infants 
fed commercially prepared 20-calorie formulas (either Enfamil 
or Simi lac) • 
b. There is a statistically significant relationship 
between the type of milk feeding and the presence of fecal 
reducing substance values of 1% (3+) or greater at day 5 
after milk feedings have been initiated. The difference is 
not significant at day 3. 
c. The degree of the relationship between the type 
of milk feeding and the presence of fecal reducing substances 
is not statistically significant, either at day 3 or at day 
5 after oral feedings have begun. 
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Although the sample was too small to generalize to a 
larger population, the study does support the findings of a 
previous study (Book, 1974) which measured fecal reducing 
substances in term infants and found that one-third of term 
breast-fed infants have fecal reducing substances of 1% (3+) 
or greater while less than 5% of term infants fed commercially 
prepared 20-calorie formulas have fecal reducing substance 
values of 1% (3+) or greater. 
It iSlthe opinion of the investigator, based on the 
1 
results of this study, that since reducing substance values 
of 1% (3+) or greater occur so infrequently (3.7% occurrence 
in this study) in the stools of premature infants fed com-
mercially prepared formulas, daily measurements of fecal 
reducing substances using the Clinitest method are warrented 
during the neonatal period, rather than less frequent 
testing. 
Recommendations 
Daily measurements of reducing substances in the 
stools of premature infants should be performed during the 
neonatal period. The presence of reducing substance values 
of 1% (3+) or greater in the stools of premature infants 
who are fed commercially prepared formulas may warrent 
further investigation into the possible presence of devel-
oping NEC. Replication of this study, using a larger number 
of breast-fed premature infants, would increase the possibility 
of establishing a significant cause-effect relationship 
between the type of milk feeding and the presence of fecal 
reducing substances of 1% (3+) or greater. 
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APPENDIX A 
COMPOSITION OF BREAST MILK AND 
COMMERICAL INFANT FORMULAS 




























5. Symptoms of G-I disease (check if present) 
a. Increased residual -
h. Frequent vomiting -
c. Frequent diarrhea -
d. Blood in stools -
e. Abdominal distention -
APPENDIX C 
CLINITEST METHOD OF DETECTING SUGAR IN STOOL 
1. After a stool is obtained, it is placed in a 5-dram 
plastic vial (Thornton Plastics Company, Salt Lake 
City, Utah). 
2. In the laboratory, the weight of the stool is 
determined by subtracting the weight of an empty 
plastic vial from the weight of a vial containing 
a stool. 
3. A double volume of water is added to the vial 
containing the stool. 
4. The contents of the vial are placed in a test tube, 
and the test tube is centrifuged for 3-5 minutes. 
5. Fifteen drops of the supernatant are placed in a 
clean test tube, and a Clinitest tablet is added. 
The resulting reaction is allowed to proceed 
undisturbed. 
6. Fifteen seconds after the reaction has subsided, the 
test tube is shaken gently, and the color of the 
test tube contents is compared to that on the color 
chart provided with the Clinitest tablets. 
7. Results are read as 0, trace, 1+, 2+, 3+ and 4+, 
for reducing substances (equivalent in reducing power 
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